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A novel member of the serine/threonine protein 
gjiicocorticoid-regnfaUed kinase, wis Identified In a ' 



by, designated sgk, for serom awl 
1 screen for glucocortkoM4ndudbic transcripts 



expressed in the CowSMS rat mammary tumor cell Hue. encodes a proteio of 49 kDa which has significant 
sequence homology (45 to 55% identity) throughout its catalytic domain with roc proteut kinase, the protein 
kinase C famtty, ribosomal protein S6 kinase, and cydk AMP-dependent protein kinase, sgk mRNA Is 



expressed in most adult rat tissues, with the highest levels in the thymus, ovary, and hug, as well as in several 
rodent and human ceO lines, sgk mRNA was stimulated by glucocorticoids and by serum within 30 tain, and 
both inductions were independent of de novo protein synthesis. The transcriptional regulation by glucocorti- 
coid* is a primary response, since the promoter otsgk contains a glucocorticoid response element consensus 
sequence 1.0 kb upstream of the start rftraitscription which Is able to stimulate duormiipfceikol iKeryttrans* 
tense reporter gene activity in a dexaroethastme-dependent manner. Airtflwdies that spedflcauy ;it«nj«M'-r-r^-v 
■ ^-encoded proteio on an tmmundblot were genera^ TTib pro^ ww ri i 
™ - glucocorticoid treatment in a manner which paralleled the mRNA ar^mdaaWThis Is ■A4n^h^Ktt0tt *X :-■ h 
presumed serute/threwiiitt protein kinase that is Mjfiny regulated at the trattscriptkmal level by ^tf -mt\ 
uormones ami suggests a novel interplay between gjfucocortfcott ya aio ^lh &v^>yt * - 

' " '■• - ;'; -] ' ■ ..-;-(■ - , >- ; -■>■;■ *>, 



; Gliicooorticoid 
control of 



play a fundamental role in the 

Jdifferentiatioh " and'development » 

(8, 10^15, 29, 35). These steroids '.-exert their 
regulatory effects through intracellular" receptors which act 
as potent transcriptional activators of genes that possess 
giucocbrtfcbid response elements (GREs) (reviewed in re)?-' 
erences 3 and 11). they can also: negatively regulate the 
expression of a number of genes," by mterferirig with the 
Act ions of the AP-1 transcriptional 1 complex (9V 17, 31, 40). 



putatrve member of the serine/thr^^ 
ily. Phosphoryiation-depbosphorylation networks are com- 
monly .utilized by extracclliilar reguJatbrs, such as growth 
and djfrerentiatfotf iacto^ 
ducc sig^al^frbmthe,extraceiluiar 
plasm and nucleus (reviewed in^ttf^nc^^m^)..ms : 
reports-presents the; first evidence of .transcriptional regula--; 
tionof a 5 protein kinase by$ucocortk»ids; : and we : ^^ 
that ^ couldbe mvoh/ed ih^ediatu^iwmc of the^Uufor 



Beyond these primary responses, glucocorticoids may exert — functions of glucocorticoid honnones. We have also found 



some "of their pleiotropic actions through the induction 
repression of regulatory genes; whose products could in turn 
influence the expression or activity of a . wide variety cjf 
c cellular :Compbrients.t^elativery little- is khownii however, 
about signalling pathways under the direct transcriptional 
control of glucocorticoids. ;^ v 4 

We have previously "sliownVth^^b^VQl-'.ae actions Of 
glucocorticoids is to strongly inhibit both the in vitro and to 
vivo growth of Con8.hd6 rat mammary tumor cells, which 
are a derivative of the DMBA-induced 13762NF adenocar- 
cihbma (37). Cell fusion experiments supported the idea that 
glucocorticoids inhibit the proliferation of these cells by 
inducing dominant mw-acttog regulatory factors (38). As a 
test of this hypothesis; differential screening of a cDNA 
library generated from mRNA expressed in glucocorticoid- 
treated Con8.hd6 cells was used to identify and characterize 
genes which are transcriptionally stimulated by glucocorti- 
coids in these cells. 

In this study, one of the genes shown to be transcription- 
airy regulated by glucocorticoids, skg, encodes a novel 
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that serurh> rapidly stunufates ^ transcript teveb m thc . 
absence, of glucocorticoids;. As a first step in examining its . 
possiMerole, in cell: proliferation and. other glucocorticoid: 
regulated,pathwayvtbis : rep^^ isolation and . 

characterization of sgk arfdits induction by: glue 
and serum. v'Tiis^":^^ ' ^ . , 4 ■.. 

r , \ MATERIALS AND METHODS • " 

C^eud-nUterla^ 
from a DjMPA-uiduc^ni^^ and have 

been described previously (38). Cells were routinely cultured 
in Duloew's moo^i^ Eag1e*s' (50:50) 
containing 10% culf^ D, cy- 

cloheximide, and steroid hormones were purchased from 
Sigma Chemical Co. (St. Louis; Mo.). pUgbhucleotides used 
for sequencing and primer extension were prepared at the 
oligonucleotide synthesis facility (University of California, 
Berkeley). Radiouucleotides [a- 32 PJdCTP (3,000 O/rnmol) 
and ["SJmethionine (1,150 Ci/mmol) were obtained from 
Dupont/NEN (Boston, Mass.). All other reagents were of 
the highest available purity. 

Generation of a cDNA library representing glucocorticoid- 
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Wwd tnwtt rf fh Cytoplasmic RNA was isolated from 
Con8.hd6 cells grown for 48 b in DME-F12 (50:50), 10% calf 
serum, and 1 uM dexamethasone as previously described 
(38). mRNA was selected from the cytoplasmic RNA by two 
passes over an oiiap(d7>columii (Collaborative Biomedical 
Products, Bedford, Mass.). and cDNA was synthesized as 
recommended by the kit manufacturer (Amersham, Arling- 
ton Heights, 111.), using avian myeloblastosis virus reverse 
transcriptase and oUgrfdT) primers. Double-stranded cDNA 
was rnetbyiated whh £c©RJ metbylase and ligated to phos- 
phatased EcoRl linkers (Stratagene, La JoUa, Calif.), which 
were then activated by EcoKl digestion according to stan- 
dard procedures. Linkers were removed, and the cDNA was 
size selected by fractionation on a Bio-Gel A50M column 
(Bio-Rad, Richmond, Calif.). Approximatety I ugof double- 
stranded cDNA ranging in size from 0.5 to 6 kb was 
recovered. Three hundred nanograms of cDNA was ligated 
to 3 ng of EcoRI-digested, phosphatase^ lambda ZAP1I 
pbagemid arms (Stratagene). The ligated products were 
packaged by using Stratagene Gigapackll extract and plated 
onto Escherichia coU XL-1 Blue cells (Stratagene). This 
library was estimated to contain 3 x to 5 individual plaques, 
• with about 25% nonrecombinants. The library was amplified 
once and stored at 4°C. 

PHhttatial acmtaag cfePNA library for ftnriatftfcafooe- 
ladaced tea**. The lambda library was plated onto £. coU 
■<$034#Wae at '* density of 3,000 to 5^ plaques pet 
aSO-mmHiiameter plate. Plaques Were transferred to duplij 
**v&&'intykn (Micron^ Separations^ facv Westboro, . 
Mass.), and the DNA was denatured by placing the filters 
plaque side up to 0.2 M NaOH-2.5 M NaO for 2 min. The 
: v filte»>cre neutralized by i^me^^^.^MT^.iS^.. 
■; A 8.%2x : $&C fax SSC is 0.|5 M Nad plusp.OtfM sodium ; 
7. atrate) and then in 2x SSC for 2 min each time. DNA was;'/ 
vifiSp -p^ihe membranes by UV cro^lirikirig (Stra^ 
; Strataluikery. Filters were prchybridized for 2h m a^tioi^ , 
^ox^miji'Sx-^SCt 5% De^bardt's sq^utipn, 04%. sodium 
- v 100 Mgbf sheared salmon sperm 

.':,< . v^.v i>$ A pe>ml at 65*. mRNA was isolated as described above 
.>« ■ ^from ^ (^hd6;cells grown in me#um either contemini- 
' dexamethasone for 48 h or without hormone. To generate , 
i ^Sfbbes, single-stranded CDNA was prepared as described for 
>-;,, ? the cDNA library, and the jcDNA was radiolabeled, to high 
^^spectttc ^rvity by using: a ran^, 4 primer labeling .Jd$ ; . 
. (Amcraham). .The respective probes (10* cpm/ml) were , 
v ; added to the duplicate filters and allowed to rrvbridize for 16 . .. 
to 20 h at 65°G Washing and autoradiography were as 
described for RNA hybridization analysis. Plaques corre- 
sponding to signals visibly stronger with the dexamethasone 
^treatment (+Dex) probe were cored, replaced, and .re^ . 
: screened until individual positive phage could be.obtained; 

pBluescript plasrnids were excised from the lambda ZAPH 
• phagemid by using R408 helper phage as recommended by 
the manufacturer, and the inserts were isolated by BcoRI 
restriction enzyme digestion. 

Sequence analysis and alignment. cDNAs isolated from the 
differential screen were sequenced by the dideoxy method, 
using the Sequenase version 2.0 kit (United States Biochem- 
icals, Cleveland, Ohio). The sequence of full-length sgk 
cDNA was obtained on both strands from a combination of 
overlapping subclones, restriction fragment subclones, and 
exonuclease Hl-mung bean nuclease deletions (Stratagene). 
GC-rich regions were resolved with ITP. The GenBank data 
base was searched for homologous sequences, using the 
FASTA computer program (26), and aligned by using the 
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Genalign multiple sequence alignment program from Intellt- 
genetics. 

Primer extension. Primer extension was performed essen- 
tially as described previously (1). Briefly, 100 ng of an 
oligonucleotide complementaiy to nucleotides +45 to +79 of 
sgk was labeled at the 5' end with fr- 32 P]ATP and T4 
polynucleotide kinase, and the oligonucleotide was precipi- 
tated three times with 2.5 M ammonium acetate and ethanol 
to remove unincorporated nucleotides. Then 5 x 10* cpm of 
labeled oligonucleotide was mixed with 10 |tg of poly(A) + 
RNA from Con8.hd6 cells and precipitated with 0.3 M 
sodium acetate and ethanol. The pellet was resuspended in 
30 uS of hybridization buffer [80% formamide, 40 mM 
pir*razme-tf ,/v*'-bis(2-efoanesulfonic acid) (PIPES; pH 6.4), 
400 mM NaCL 1 mM EDTA (pH 8.0)], incubated overnight 
at 30°C to allow hybridization of the oligonucleotide to the 
RNA, and precipitated with sodium acetate and ethanol. 
Primer extension was performed by resiispending the pellets 
in 25 aiJ of reverse transcriptase solution (0.5 mM each 
deoxymicleoside triphosphate, 50 mM Tris [pH 8.0}, 5 mM 
MgCl 2 , 5 mM dithiothreitol, 50 mM KO, 1.5 ul of RNAsin, 
40 U of avian myeloblastosis virus reverse transcriptase) and 
incubating them for 90 ruin at 42°€. Reactions were ex-,--., 
tracted twtre with phero^ 

form and then precipitated with arnmom'um acetate and 
ethan^l^piwe^^ 
"Tr&!B0^&^^ 

ryz«« a~i^se^^ -ft*- 

and this reaction- was eleclrophoresed alongside theprnner • ^ 
extension reaction; • v :■ • ^V f C- r- . * 

i?: li^ 

v'pSb]|ed'4with'.^ JcPNA at high stringency , to isolate the ^ : ' 
■ ' corresponding genoinic^lODe accorcU 

dures,(l». The phage DNA was digested J wi^HincUU, ; and ; 
,jme ^|pnents^wer& electrophoretically* separated / on an 

agarose gel and ^a^ferred .to nylon membranes (Schleicher: i ; 
SchUeU, ^iKeetiey N.H.)4To identify, the upstream frag-' > v. 

ment, radiolabeled ,+45 : to +70^b'gonucW a 
_ized to the membrane-immobUized ffrndlll- fragments ac-j 

cording t to standard^Southeiu. blotting procedures; (^OK^Attv 

^ genpm|c:sep^pfi 

was s^iojv^mto^pBluescript for sequ^r^janaj^^^^. , v 
uWen^nu'd^ 

otide primers. It should benotedthata 253rnucleotide^ntrote ? 
was observed ^to intervene . between nucleo^ 

,' +141 of: the ^fccDNA sequence.; k >w. ,U^kyA-<y-^i . 

.^■ 'Cpiistnictioe e^'CfcTjjjsnn^ 

. genoroicifragment eiicompassing^me^promote w&Mti; 

: cloned into-the promoterless chloramphenicol vaceiryltrans^^^. v 
ferase (CAT) reporter gene construct pBI^AT$ > (21)/.^rhe^,'ui i; 

. end was- modified to terminate between the, trans^prionaL, ,-^; . 
and translational start sites, using unidirectional exonuclease 
ni-mung bean nuclease digestions i(28). Sequence;anarysisv. 
confirmed that the construct terminated at nucleotide +51^^, . . 
The construct was digested with restriction endonuclease 
fistl and religated such that nucleotides -3513 to -1610, < 
approximatety, were removed. This construct is designated 
-1.6kbaigxpBLCAT3. 

Transection and CAT assays. Con8.hd6 cells in logarith- 
mic phase were harvested with trypsin-EDTA, washed twice 
with phosphate-buffered saline (PBS), and resuspended in 
sucrose buffer (270 mM sucrose, 7 mM sodium phosphate 
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buffer [pH 7.4], 1 mM MgClj). For electroporation, cells (1 
x 10 T to 2 x 10 7 per sample in 250 u4) were dispensed into 
sterile cuvettes, and plasmid DNA (25 ug) was added. An 
electric pulse (400 Volts, five pulses) was delivered to the 
samples, using a BTX Tn»nsfecto» apparatus (FIX Inc., San 
Diego, Calif.). Subsequently, the cells and DNA were al- 
lowed to sit on ice for 10 min, diluted with serum-free 
DME-F12 (1:1) medium, and plated in 100-mnvdiameter 
Corning plastic culture dishes. After 5 h of incubation at 
37°C, the cells were refed with fresh serum-free medium 
either with or without dexamethasone (1 uM). At 40 h 
posttransfection, the cells were harvested, washed twice in 
PBS, and resuspended in 0.1 M Tris-HCl (pH 7.8), and cell 
extracts were prepared by sonication (Branson Sonifier, 
model 450; VWR Scientific, San Francisco, Calif.). The cell 
lysates were heated at 68°C for 15 rain and centrifuged at 
12,000 x g, and the supernatants were recovered. The 
protein content of the supernatant fraction was estimated by 
the Bradford procedure (5). CAT activity in cell extracts 
containing 50 to 75 tig of Iysate protein was measured by a 
nonchromatographic assay (24). The enzyme assay was 
carried out in a final reaction volume of 250 uJ in the 
presence of 1 uCi of ( 3 Hlacetyl coenzyme A (specific acth/^ 
< % 200 mO/mmoI; DuPoht/NENfc 25 jtl of 1 M Tris-HCPi 
(pH 7-8)» and chloramphenicol (50,^1/of a 5 mM aqueous- 
solutfcm). The reaction mixture w^^ ' 
^?l r wa|e>-iinmiscible sdntillatidnlh^^^ DuS 
1 ^jW$EN) and incubatcdS>t 37°e for;* h. The CAT^ctiyit^ 
was mc^hifored by du^^easutem§ifcbi"^ 

"sctiffilfrotf counting- Measurements Jof CAT'actMrp 
i were "in the' linear range of the assay, as determined by $ 
standard curve using bacterial CAT enzyme. The enzyme • 
•^acnVity was expressed as a function* ^ ptotem^contenf*" 
i (counts per; mteute of l 3 Hlacety!ated cWbramphetiicdl pro^ - 
V 'ducedpeV inicrogram of protein per 4 b). Purebacterial CAT} 
v^ei#me;: (Pharmacia, Piscataway, tf. padded tolysates 'bW--' { 
> %ock-r^fected cells served as the 1 positive control for the, > 
^v^jeni^assay; 

^ «!IA «uu^ from ceH> -:\ 

■■^■Vi^W'pibiik^' : ^aM (38)u to prepare total RNAfc • • 
1 'from ussuesV^OO rag of chopped, frozen tissue samples takeaf 
' W S^uvoid Fisher 344 rats (female; except^for the* < 
-testes tissue) were homogenized in 2 ml of homogenization| ' 

bufeer (4;M guanidiriium thiocyanate, 25 mM sodium citrate^] - 
<^lpH 7i0p QJS% sarcosyUr 0.1 M 2^rcaptoethanol) in a,?, ^ 
f 5 Por^n* "at low speed. One-tenth volume Qf2 M sodium* - 
- acetate (pH 4.0) was added, and the samples were extracted^ 
^^m pheflbl^lilordform (411) until the interface was cleans - : - 
and then once with chloroform. The RNA was precipitate - 
once by addition of an equal volume of isopropanoi and then f 
orice whh 0.3 Msodium acetate and ethanoU The RNApelleiS • 
"was washed in 70% ethahol, dried; ie$uspended''in 0.1%5; 
-SDS, and quahthated by measuring A^. Northern (RNA^ 
analysis of electrophoretically fractionated RNA was per* 
formed as previously described (38). Where indicated, auto- 1 v 
radiographs were scanned with a Microtek GS400 scanner 
and analyzed by using the NTH Image 1.37 computer pro- 
gram. ' 

In vitro expression of sgk. sgk cDNA cloned into pBlue- 
script (SK-) was linearized at the 3' end by digestion with 
restriction endomiclease Kpn\, and the mRNA was tran- 
scribed in vitro with T3 RNA polymerase, using a kit from 
Stratagene. The RNA was capped and translated in a cell- 
free rabbit reticulocyte Iysate system in the presence of 
[^Sjmethionine as instructed by the manufacturer (Strata- 
gene). 14 C-labe!ed molecular weight standards (Amersham) 



were electrophoresed alongside in vitro translation products 
in SDS-10% polyacrylamide gels. Gels were fixed in 10% 



-80«C. 

Production of tatters. The peptide LGFS YAPPMDSFL, 
corresponding to residues 419 to 431 of Sgk, with an addi- 
tional N-terminal cysteine residue, was synthesized at the 
Microchemical Synthesis Facility, University of CaUfbroia, 
Berkeley. The peptide was coupled to rabbit serum albumin 
by using succiniraidyW-[p-maleimidophenylIbutyrate. The 
rabbit serum albumin-peptide conjugate (500 ttg) was emul- 
sified in complete Freund's adjuvant and injected subcuta- 
neously into multiple sites of female New Zealand White 
rabbits. Subsequent boosts were at 4-week intervals with 
antigen in incomplete Freund's adjuvant. Rabbit serum was 
collected 10 days after each boost. The serum was repeat- 
edly passed over a divinyl sulfone-agarose column (Sigma) 
conjugated with 2 mg of peptide, and after the column was 
washed with 50 mM Tris (pH 7.4), the afflnity-purifled 
antiserum was eluted with a buffer containing 50 mM Tris 
(pH 7.4), 4.5 M Mg0 2 , and 1 mg of bovine serum albumin 
(BSA) per ml. Antibodies were dialyzid agamst <PBS*35% 
glycerol $nd stored at ~20°C. *x->»vi.fr?f«.* "■ ••• •»*• 

urundwotoi amuyifa. Con8.hd6 cells were cultured in 
^.S^iSertuS^hmu^ medium* for -36'h^ah4 v then 1 uM 
^exam^a>onte'\Vas added folN* 1 indicated: times. Cells 
wiere rinsed in^PflS; harvested,?resuspemie>l in rysfe-fcu^r . 
obnuula^ 

glycerol, and ^ then boiled for 2 min. Protein content Was • 
determined by . using me;Bio-Ra4,DG Protein Assay kit as - 
instructed by the manufactureri Equal lamounts of protein 
(60 jig) were etectrophoreticalry ^ 

lose ^gitibAti^ > 
dard procedures (14). Membranes; were btaked overnight 
wim;5% iB^A-5% nonfat milk^O.06% fTween '20; in- PBS. ' 
Primary, (affinity-purified anti-Sgk)and ; secondary.(horserad- 
ish 'peroxidaserconjugated , goatanh>rabbif immunoglobulin 
G^Bi^d) 'antibody/mcuban^ at room 

temperature in 3% BSA-0.06% Tweentn PBS.' Washes were 
in 0.06%iTween ut P3Si four times for 10 mineach tiraei For 
immunodetection^ aft enhanced cbemiluminescence kit (Am- 
ersham) wasvused,- and the blots were exposed to Fuji 
medical iX^say fi'ni.- ; < Tv;r^r.' 'v^^->r ;>^v' • • 
Nucleotide seqoence accession nimiber.v The * sgkicDNA- 
sequence has heen submitted to the GenBank data base and 
ististe*;uiidw:accessi^ numberJijOlo^ v? ^ A 

■ -■■^i^.&y ( y^ •••• ■■■■ : - • ••■ • 

• - ■•■■>::■;■ : <^r. < ■■■ ■<■■<•■{;■ ■■: • 

IsolAtion ctgmcowrticoid-indnced gSBestVom a Co*8.fcd6 
cDNA library. To isolate* genes, preferentially expressed in 
glucocorlicoid-<reated Con8.hd6 rat noamniary ephhelial tu- 
mor cells, a cDNA library was generated in lambda ZAPII 
phage from : pbry(A)t< RNA isolated from cells which had 
been exposed to the synthetic glucocorticoid dexamethasone 
for 48 h. Duplicate filter lifts of aj>|Woximately 50,000 plaques 
were hybridized with radiolabeled cDNA probes generated 
from mRNA isolated from either untreated (-Dex probe) or 
glucocorricoid-inhibited (+Dex probe) Con8.hd6 cells. 
Phage preferentially hybridizing to the +Dex probe were 
diluted and rescreened twice more until individual plaques 
could be isolated. One clone contained a 2.1-kb insert which 
hybridized to a 2.4-kb glucocorticoid-inducible transcript 
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it. Stoidure of sgk cDNA, predided i ainiM acid sequence, and paxual promoter sequence. (A) The overaJl stnictu/e of the 2.4-1* sgk 
; CpNA and the; positions of selected restric«oo sites used to generate subclones r^s^qu)^i < ;The shaded rectangle inolcto^ia-ltoopeo. 
tiding tra^ land the dashed arrow indicates the direction of trar^tion. Tli* 



. j»t cDNA and partial upstreani promoter sequence, obtained a 



ptiralive SP^ sites in the5 
; inftiation sitearidentmed from pro 



In the 3^wm«xlu)g sequence, 



-iniumiTO oiivs rucnuueu uun pnnicT caicdswd analysis, in uic ornoncoomg spqueu 
the poh/(A) .tau% is underlined. Trie arrows indicate the. boundaries at the predicted 



(itwtiiu) iw iip/ luii-ici^u Bd|uqnvc. ur 

*ATA box sequeqee, is in bo!dface > .and the three 
—-'a indicate the four predicted transcriptional - 
* tnylatkm signal, ^residue? ^Ajpstrearft ojfj 
e ldnase,cataiyacdomain.; (; ;. ^.>^. ; . 



expressed in Con8.hd6 cells. Comparison of partial sequence 
data with data in the GenBank data base showed a striking 
homology with several serine/threonine protein kinases. As 
protein kinases are fundamentally important transducers of 
' signals for a variety of cellular processes; and glucocorticoid 
regulation of the message levels of a protein kinase has not 
* been previously described, this clone was chosen for further 
analysis. :-It should be noted that RNA hybridization analysis 
showed that this gene was transcripttonalry induced both by 
serum and by glucocorticoids (discussed below) and is 
henceforth referred to as sgk, for serum- and glucocorticoid- 
regulated kinase. 

Sequence anabyib of full-rength sgk. The insert from the 
partial sgk clone was used to rescreen the cDNA library at 
high stringency; of the 12 homologous clones obtained, the 
longest had an insert length of 2.4 kb, which corresponded to 
the size of the jjgs; transcript. A partial restriction map of the 
full-length sgk cDNA is shown in Fig. 1A. The longest open 
reading frame (1.3 kb) predicts a 431-amino-acid protein of 
49,027 Da with an isoelectric point of 9.0 (Fig. IB). There is 



np.evider^>for»eiAer secretory signal 
tion signals in th^encoded. protein. There, are five. in-frame 
methiorime«residues encoded witmn the^flr-H:15pnucleotides; 
howevexj the methionine designated asjhe first amino acid in 
Fig. IB is within an appropriate context for translation 
initiation^lS). . To; determine.; trw si^ " of .the > polypeptide, 
encoded by sglc* sgfc-specific transcripts were synthesized in - 
vitro from the fuU-length cDNAand ti^nslated in ^<»U-free 
system in the presence of [ 35 S]methiorune. Corisistent wiA 
the predicted open reading frame, the predominant , radiola- - 
beled protein has an apparent molecular size of 49 JkDa (Fig. 
2, lane B). 

To identify the start site of the sgk transcript and to begin 
to characterize its promoter elements, the sgk cDNA was 
used to screen a rat genomic phage library to isolate the 
corresponding genomic clone. By primer extension analysis, 
transcription was shown to initiate at four distinct nucle- 
otides, as indicated in Fig. 3. Partial sequence analysis of a 
restriction fragment, obtained from a rat genomic library, 
that contains the sgk promoter revealed a TATA box ele- 
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FIG. 2. In vitro uanscriptkm-translation analysis of sgk. cDNA 
containing full-length sgk was linearized at the 3' end and tran- 
scribed in an in vitro systenvEither 1 ug of the in vitro-sequenced 
RNA (lane B) or no RNA (lane A) was addedlto atabbit reucttIocy$ 
lysatc system and translated m vitro in the presence of l 35 S]metblc*' 
nine as described in the text. Translation products were reduced an^ 
' tehatured and then electwpnoresed through an 5DS30%; polyaC* '-, 
;,- ryiamtde gel, and radiolabeled protein bands were visualized^ 
amcrodiogiaphy. The moW^ies of paneled inptecute '^jghfe 
standards are indicated. The arrow indicates, the predominant band,, 
at the predicted molecular size of ^-encoded protein (49 Jd3a). ,| 



rnent centered 25 nucleotides upstream of the transcriptional 
start sites (6) and severalvSP*l consensus: sites atapprosdj 
matety -r45, -100, and -110 (7) (Fig, lA). . ':. • :.i£ ~ 
Comparison of sgk with other serine/threonine proteu> 
UDas^;,Tne:catalytic, domains of protein kinases are 6oti& 
posed of apMOxfanateW ?70 amino acids, within which 11 . 
^ ^&2£L arere&gnize^ 
^#v.(figi,4};^ 

r , ;S ,vt . ;;GlyOC^tyOC-X-Gty, with a conserved £ys;17,residue down}. 
stteam.^The^' highly conserved sequences >Asp-Phe-Gly m • 
* ^ subdomam VII and Ala-Pto^lu m subdomam >\^H are alsd - 
'f '^-V.- 'indicative: of a fonetionaEprotein kinase;*Tfoe presence ia 
subdomain VTb of the sequence Asp-Leu-Lys-Pro-GIu-Asn; 
and in subdomain VIII ofcthe Gty-Thr-X-X-Tvr-X-Ala-Pr# 
: Glufa©tif ; strongly.suggeste*r)edfi 
: rnne *substrates^l3). Comparison of the predicted catalytic 
^^ domairfbf^^with those of otherprotera kinases -revealect ' 
» almost equal. homology with the nrcfcmases. (54% identity 
•• - .W&tfto&ti&uto fl8J), the protein kinase C family (48%; 
' > itentitywim rat protein kinase G-B 116}), nbosomal protein 
A* • ^ 

.v.'-^: AMP'(cAMP)^ependent protein kinase (45% identity with 
me rnbuse catalytic subunit [36]), indicatiiig -tbat^i^fc is a 
distinct kinase -which cannot be easily: assigned to any 
• related^serineythreonine kinase farnity. The alignments of 
selected catalytic domains are shown in Fig. 4. The sequence 
Upstream of the catalytic domain bears do obvious sequence 
homology with these kinases or with other known proteins. 

Tissue- and spedes-spedfic expression of sgk. As sgk cDNA 
had been isolated from a rat mammary epithelial tumor cell 
line, the tissue and species distribution of sgk mRNA was 
tested in a variety of cell types. Tissues from young adult 
Fisher 344 rats were removed, and total RNA was isolated 
and examined for the expression of sgk. As shown in Fig. 
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FIG. 3! Pnmn Ws^toti aiulvus determine tne start sites of 
transcription of sgk An bligonucfeo'tide complementary to nucle- 
otides As^Wdf^wasW^ 
ized w aO fug of CofiS.h^ 

myeloblastosis Vjbiis reverse transcriptase as described in the ttaa^-^ 
\arid:£ie^ph<oj^ ptrfya^amide gel ; 

(left :-ian<Bji;^^piK 

transcription initjation sites.defined by du^aoarysfcare indicate by . 
an arrowa^^^^ Tp ^mK^^tmg 

residues piecisery, u^bel<^pnnier was used.to prune a djdeoxy- 
nucleate i^u^^ M i mM&kffi$ti&ti&: 



t (i,R, sense^^strand) ^thK actual se-- 

quence read fiom the gel. %,-> . : >\y»it»-*k «*w5#» fcsvsiCvtf % ■. 
■;• ->'- : ;:.;:->.^v.-.-!.> ; :-:-v,- v •••• ::,; •••:•>•;:: '•■&?.■> &-i&wSx&sAifij, ■. • •• • 
•.■•'^V&WAK.fr* >■■•">;,>?.* , 4:-'- -V 4CMf*WSK^.»- • ' - < U 
»•/ >Y><v«* ti&i*rtfr-s>^>K' • *. •£--, >• ;:At^-fi-'..:^f»»;}V 

5A,sgk expression has adistinct pattem of tissue specificity, ? 
with nighest^lcvcls fouhdin the^ary,^vmus,>and<lung^ind 
low butdetectabfelewls found in most other tissues, includ- « 
. ing me : marnmaryrglan(l;from which the Con8.M6.wmor cell 
line was derived, sgk expression and glucocorticoid induc- 
tion were examined in several types of normal and trans- 
formed cell lines (Fig. 5B) grown in the presence or absence 
of dexamethasonejor. 48 h. In the three rat cell lines 
examined, Rat2 fibroblasts, HTC hepatoma tumor cells, and 
Con8.hd6 mammary cells, sgk message, was present and 
highly inducible, although the highest basal and induced 
levels were observed in the mammary tumor cells. In the cell 
lines of mouse (NMuMg) and human (HeLa) origin* a 2.4-kb 
message was also detected and was inducible by glucocorti- 
coids, indicating the presence of an sgk homolog in other 



2036 WEBSTER ET At. 



Mol. Ceu~ Biol, 



, i , a 1 aa a 

mt Mk 8Dfnru»va icoafcmu kbxa — m mvxvLonc azlwck-bbk himsermvll kkvkutlwj lhwqtapk lytvldwkg 

BUMA raca ttimiUa KOWGXV1LV WKA— KtMKXLWa VXVMD-m HtLWKRVL- OJWWfMA WTVWYJWG 

M c rwft nntrutna tamfnaa mo—nt wwMLiro wiood-dve ctmvekrvx* uammiQ taecfomm lytvhxyviig 
put sftkiR EcrxLLmo kxjtwvtov wcvtowitok irMffvunw mxvmukdxa btxm- ■ uvxgmvD liyatowoc vtuwnaa 

..f— C M-fOKV-X- — k -yA-JC-L-K- -i h B— V- MlPri— L— -JOT-d- Lyfv— Y-OG 



fUt Mk OIUTHLQW XCnmW YAMZASUO rUB-WIV* RDIXPSMU DSOGMVITD TQhCMUZH BCTTSTrcOT PKWAPIVLB 

Humin rlca anrmstf rvtsxcmm- ygmzvsau) ylbsxkmwy kdikleuxml dkdgkkzto tgvckwszkd gmnktfcgt pbyxapsvlb 
Mt trcfl aoumtxoav oaramvr yaaexaxolt rtos-iwur rmjopuvhl dsxgsikiad fqcxsmiho ovttkttcgt pdyiapeixa 

JUt 30UA OBWWLHM GXmSOTACf HAIXSX4LG ftt&O-KUXY ROIXPSMXNL WBQGHVKLTO rGtCXBSIHD OTVTBTTCOT IEYKWCXLH 
Con*«n«u» C*Lf-bl-r« — F-t— A-r Y-ABX— «1- -U» i-Y »DlK-«»— t d— GHi — tO FG1CKB-I-- — tt-TTCGT r*Y-AMK-l- 

B , ! i — | H , 

Mt Mk XQffYDftYVSH WCVSXWm LYOtf PrYSR MYACMYDNXL MXPLQUVMX TNSARBXLEG LLQKDRTKRL C-JUtDOnOI KSH1TT 
HtnMD r«ca OttDYOMVD* HQLOWHYEN NCOR&FFYMQ DBBKLTELIL MtEIRTPRTX. GPSAKSUS9 IXXXDPKQRL 
Mt PKCft YOrYQKSVON VAfQVLtoYKN UUQAmOE PSDXLfQSm EHKVAYPKSM SKEAVAXCKS LKTKHPGKRL 
Mt 36kin RSOamtAVOW KSLGALMYCM LTOWPFTGt HRKRTXDRXL KCKLMLPPYL TQEARDLLKK IXWOJAASRL 

Consensus — y-r-VDW M-XG — Y«M 1-G— W -II A — LX-g XA-k RL G d— «1 --H-FT 

FIG. 4. Alignment of sgk with the catalytic domains of selected serine/threonine protein kinases. The catalytic domains and subdomains 
(I to XI) (13) of sgk, human ne-a* rat protein kinase (pKCp), and rat S6 kinase <S6 km) (see text for references) were aligned by using 
the Intellkenetics Genalign program. In the consensus sequence, capital letters refer to identify across all four sequences. Lowercase tetters 
indicate identity ofjg* with two of the three other sequences. The consensus residues of the ATP-binding domain are designated by asterisks. 
Tbe one-tetter amino acid code is used. 



species. There was no apparent correlation between glu- 
cocorticoid inhibition of proliferation and induction of sgk 
transcripts; for example* the proliferation of HeLa cells, 
HTC cells, and untransformed fibroblasts was not affected 
by glucocorticoids (data not shown), but each cell line 





FIG: 5. Tissue and cell type specificity of sgk expression. (A) 
Total RNA was isolated from tissues obtained from young Fisher 
344 rats (female, except for the testes); 10 |ig. was examined by 
Northern Mot analysis for expression of the 2.4-kb sgk transcript 
(arrow) as described in the text. (B) Cell lines were cultured for 48 
h in the absence (- Dex) or presence (+ Dex) of 1 uM dexamettV 
asone h) medium containing 10% calf serum, harvested at subcon- 
fhience, and examined by Northern blot analysis for sgk transcripts. 
The autofadi<^raphs were differentially exposed; Con8.hd6 (rat 
transformed mammary), Rati (rat fibroblast), and HTC (rat hepa- 
toma) lanes were exposed to X-ray film overnight, whereas NMuMg 
(mouse untransformed mammary) and HeLa (human cervical card- 
noma) lanes were exposed for 10 days. 



expressed ; high levels of , dexamethasone-inducible sgk 
mRNA* *-^>*j. wfcfesttsat xiiY*^^---'* '• : -- ' •-' 
Gfococoftionfcb directly stuacdate j** mRNA expression. ; 
To determine whether the glucocorticoid induction of sgk 
transcripts is an immediate and direct response, the time 
course of the dexamethasone-mediated increase in sgkttan- 
script levels was examined in ConS.hd© mammary epithelial 
cells, Cells were grown in low-serum medium for 36 h, and 
RNA was isolated at various times following addition of 
dexamethasone or of dexamethaMne plus the protein syn- 
thesis inhibitor cyck)heximide. Within 30 min ;bf dexameth- 
asone treatment, expression was stimulated by twofold 
relatw* to untreated cells; (Fig. 6A, top) :Tni* increase v^as 
independent of de novo protein synthesisras shown by 
similar level* of inRNA at 30 rain; inithe; njresence of 
^bne^eSrr^lH levels cbntinlied^ t« accuxnulate 
for several' hnurs in dexamethasone^reited celfe, reaching 
23-foW higher than background by 24- h, and were sughtry 

: higher throughout in the presence of cycloheximide. The 
ability of dexamethasone to rapidly induce sgk transcripts in 
the absence of dc novo protein synthesis was^lso examined 
in other cell types, such as Rat2 untranirdlrn^ fibroblasts^ 
with comparable results (data ^ij^^j^m^tast in 
sgk mRNA in the rat mammary tumor celh^s^hown to be 
a result of new ^Wsis'ratrier than stmpry Ja increase in 

. mRNA stability, since the induction by dexamethasone at 1 
h was cc^plctoly flecked in the presence of .5 y.g of the 
transcription , inhiDifor acttnomycin Ef per ml (Fig. 6B). 
Furthermore, sgk induction is a glucwftwokl, receptor- 
dependent response, since other steroicU';(ch(rtesterbl, pro- 
gesterane» p^es^adiol, and testosterone) were unable to 
mimic the dexamethasone response, whereas hydrocorti- 
sone and corticosterone, which act through the glucocorti- 
coid receptor, increased sgk transcripts to high levels (Fig. 
6C). 

Serum stimulation of sgk expression. During the course of 
our studies, we observed that sgk transcripts were always 
elevated when the mammary tumor cells were cultured in 
serum-supplemented medium. To characterize this re- 
sponse, cells were first cultured in low-serum medium, and 
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, . . *FIO. 6. Dcxamethasonc induction of sgk transcripts inCon8.hd6 ;<= 
I mamihaiy tumor .ceils. < (A) In the uoper<pwci; ; Con8,jM6: sells f 
,maijtt*ined in kjw.-serum mediuitiJor 36 h treaj$d wit>dexa- A:. 
^masone (l^NOaj time 0 for the indicated perfGds^Hrs.^Dex) .,; 

;^^:cHX).or Without (- •c«w;tf»/««w^^^;i»'^*«.:? 

? pn>tew^th<sisiRfaibitor cyctohcjtmudepcr int; 10 iig of cytoplas- % . 
tifolftfAfroni each ilime point wasexammed for ^ expression by ^ 
^Nbrthern : Wot Analysis as described in the text; To demonstrate * 
equivalent loading of undegradetf, samples (tower panel), the filter w 
used:torjgi^tection was stained; with methylene *ruefoltowingq 
i'RNAttfansfer. The:28S and.l8Sjfibosomal;jbands ai» indicated. (B) f- 
~ * Xbd6 cetisjwere treated for i h wjithtbe.indjcated cprabtoations , 
^ iDex; 1 uM) and acjfi&^^A^D; 5>g7mi). ■ 
;^isolated,;andj^ 

. „ „..„ . . . . ^Jc^^'SiS-^-RNA 

was isolated; ^and'^sx transcripts Were examined by Northern blot 
analysts' as described above. Abbreviations: N/A; no addition; Dex, 
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B: sgfc mRNA 
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' transcripts as described above, fjl 
24 hwUh the indicated s 



Fi<3. 7. rime course Of induction of ^ tratw^ by serum in 
ConS.hd6 mamroaiyiWWor, cells. (A) Cpn8Jid6ce^8 ' mitoiamed in 
low seromr for 3^;h wen? treated with 10% serum; attbe indicated 
times, total cytoplasmic RNA was isolated, and.10 \t% of RNA was 
examined for s«fc expressiottby Northed Mot'atiahysis, Equivalent 
,;ioadtag*fceflch;^ 

bands. vyhicb nonsj)ec^calry hybridjzed.with,tbe,.radtoUibefcd 1 fl g * ; 

'wl&'a^p^O^Qtl^aer* usuigtbi NTH Image 1.37 program ,, 
- 5 ' *r tirans^^ Droduced at each 



to determine the reisfive levels.pfsj 

timeo^mri'^-':^ ; ':V;''' c ';> j . ■•. \. 



analysis j 



dexametbasone, HQ h 
cholesterol; Prog, p 

oat.,. 



t Cort,' s corticosterone; Choi, 
,>eswadipl^Test, testoster- 



( - RNA Svas' isolated at varioui times following exposure to - 
^ ; -10^ serum. As shown in Fig: 7, jgx transcript levels were 

strongly, stimulated within 30 min of exposure to serum, 
v," suggesting that induction of sgk is an immediate response to 
:?v, serum tri the G6n8.hd6 mamnfary tumor cells? in thecontin- 
P*& uous presence of 10% serum, sgk transcTipVleveJs continued 

to accumulate for 4 h and then remained at the same high 
^level at later time points. Densitometry of the Northern blot 
; ^Tibwh m Fig; 7A revealed that sgk transcripts are maximally < 

ttduced approximatery eightfold by serum. The effect of 
' ' 1 serum was not due to any residual glucocorticoids, since the 

same induction profile was observed in the presence of the 

powerful glucocorticoid antagonist RU38486 (data not 

shown). 

The relative effects of dexamethasone and serum on the 
induction of sgk transcripts were compared in the presence 
or absence of de novo protein synthesis. Con8.hd6 mam- 
mary tumor cells grown in low serum were treated with or 
without cycloheximide and then incubated with the indicated 



combinationjj.of Xu,W iwunethaspne and i0% t serujn for, 2 

Northern blots were hybridized with an j^peoflc cDNA 
probe! As shown in Fig. 8, dexamethasoite induced sgk 




-'-««' - +CHX 
FIG. S. Effects of cycloheximide on the induction of sgk bran- 
scripts by dexaraethasooe and/or serum. Con8.hd6 cells maintained 
in low serum for 36 h were treated with the indicated combinations 
of 1 ilM dexamethasone (DEX) and 10% serum with (+ CHX) or 
without (- CHX) the addition of 10 u.g of the protein synthesis 
inhibitor cycloheximide per ml. After 2 h of incubation, total RNA 
was isolated and examined for stfi mRNA expression by Northern 
biota *- 
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r-ACCACACAATCTTCT-J* 
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|BLCAT3 



mo. 9. (Hw^rtkxu* ifcpoijsh/^^ 
■ ^ WwiwtCT of eno^^ 

the start of traracriptkm, was fused Ujpstfeam of (be CAT reporter 
"tit^Up* the -I.6'kb^'pBLCX»:#8tii?it, The relative; 
' dosJuot of the GRE consensus cleib^m: tfcelto 

|YBTtne'pro^rie« constr^ 

^pfeKTS^ 6ansfected% etediopttatfeh IhW Con8.hd6 cells*. 
^Po)lo^ uicubatiott with or Without d^^ethasohe (Dex), cells . 
- weiejliaivested and CAT activity was examined as described in the 



transcripts- to a slightly greater extent than did serum. 
Treatment with both reagents was additive, suggesting* that 
glucocorticoids and scrum induce sgk mRNA by indepen- 
dent mechanisms. Furthermore, exposure to cycloheximide 
did not affect the magnitude ofstimulatkm of 5gfc transcripts 
by either glucocorticoidsjor serum (Fig. 8), which is consis- 
tent with the regulation 6f^Jb*uigadirect response to each 
. reagent*. ■ &• A- > ••>. -* s 

sg* possesses a functional GRE In its promoter. The results 
presented above indicated that ^ traracij^ directry 
and specifically regulated by glucooprticads^ suggesting the 
existence of a GRE in its promoter. Analysis of the genomic 
sequence upstream of the traiiscripti^;*^ re- 
vealed a sequence (5 r -aGgACAgaaTGTTGT-3') with close 
homology to the consensus GRE (5'-0GTACAnnnTGT 
TCT-3') (2) at approxirriatery -1 kk To confirm that this 
GRE was functional, the sgk promoter sequence from ap- 
proximately -1.6 kb to +51 bp was ligated upstream from 
the bacterial CAT reporter gene (Fig. 9A). This reporter 
ptasmid or a control promoterless construct was transfected 
into Con8.hd6 cells, and the relative CAT activity was 
determined foUowing incubation with or without dexameth* 
asone for 40 h. As seen in Fig. 9B, in the absence of 
dexamethasone, the -1.6 kb sgk pBLCAT3 construct stim- 



45- 



0 2 4 8 16 

Time in Dex (hrs) 

FIG. 10. Expression of sgjk protein in response to glucocorti- 
coids. Con8.hd6 cells were grown in 0.5% serum-containing medium 
for 36 h, and then dexamethasone (Dex; 1 uM) was added for the 
indicated times. Cells were harvested and h/sed, and equal amounts 
of cellular proteins were electropfaoreticauy fractionated through an 
SDS-7.5% pofyacrylamide gel and transferred to nitrocellulose 
filters. loiters were blocked overnight and then incubated with 
affinity-purified sgk antibodies and horseradish peroxidase-conju- 



ulated CAT activity sevenfold over the promoterless 
pBLCAT3 construct, indicating that the endogenous pro- 
moter is active under serum-free conditions. In the presence 
of dexamethasone, there was a further fivefold stimulation of 
CAT activity, cohsistenMih the GRE-like element in the 
sgk promoter being functional and suggesting that enfiance- 
%enf through this element ctfuld,account ^^ f^|he^observed 
transcriptional regulation of jgfcby glucocoro^was. Todate,> V 
we have been unable to detect a functional seram response 
element with usertf I 
various lengths pTsgfc 5' flanking sequence*. IK y . t > U, . . 

sg* protein leveU cef*espc^to^ 
whether the dexamethasone induction of^rnKNA results * 
- in a. concomitant stimubNon of sgk-encoded protein and- - 
bodies?*^ ' 
sponairigSto^ 
At various ti^ 

dexamethasone, ceils, were Jysed and equal amounts of 
cellular proteins were electrophoretically ; fractionated 
through an SDS-poIyaciylamide gel. The proteins were 
transferred to nitrocellulose and probed first with affiruty- 
purifietrsa* antisera and ffien*wilh twtseradish peroxidase* ; r 
cohjug»fe^>s^dary a»ubo<Hesf 
prdteiris<wer#^ 

nescetic^cletection system. A^shoWirFig.^I0,^<xm- ^ 
sistem^th'the^uebcort^^ 

sgk rianscrrpts; the ymm^<tiW*&*D* band was ob- - 
servabte'aSearly as>2 h foUowing dexametluisdneaddition. 
The level of this protein continued to increase in the pres- 
ence of dexamethasone and^was ^^io^higl^r'tb^ 'me ; 
unmduced level by 16 h: To confirm that thjs*494cDa protein 
is indeed Sgki J the peptide us^tofljenerafothe^ * 
was able to abolish the band; ^hereasa nonspecific peptide *•> 
had no effect- (data m>t stown). Fumeri^c^retounune^ 
antiserum did not reveal an imfflurwreactrve protein band at 
49 kDa from either untreated or dexametbasone-treated cells 
(data not shown). This finding indicates that the induction of 
Sgk protein closely corresponds with the transcriptional 
regulation of sgk by dexamethasone* 

DISCUSSION 

We nave cloned and characterized the cDNA tor a novel 
member of the serine/threonine protein kinase gene family, 
designated sgk, which has approximate^ 50% identity with 
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the catalytic domains of several important signal-transducing 
protein kinases, including protein kinase C and cAMP- 
dependent kinase. Induction of the 2.4-kb transcript for sgk 
requires glucocorticoid receptor-binding steroids, occurs 
within 30 min of dexamethasone treatment, and is indepen- 
dent of de novo protein synthesis. Consistent with the 
stimulation of sgk being a primary response to glucocorti- 
coids, sequencing of genomic DNA revealed an apparent 
GRE in the promoter of sgk. Indeed, the expression of a 
transfected CAT reporter gene was stimulated by dexameth- 
asone when fused to a segment of the 5' flanking sequence of 
sgk which includes the ORE. This study is the first report of 
transcriptional regulation by glucocorticoids of a gene en- 
coding a presumed protein kinase. 

sgk transcripts are also rapidly and strongly induced by 
serum. Similar to the glucocorticoid induction profile, sgk 
mRNA is elevated within 30 min of serum treatment in a 
process that does not require de novo protein synthesis. 
Only one other serum-inducible kinase gene, snk, has been 
reported (32), although the effects of serum are blocked by 
glucocorticoids. In contrast to snk, glucocorticoids and 
serum additivefy stimulate sgk transcript levels, suggesting 
that these two regulators act through independent signal 
transduction pathways. It is interesting to consider that sgk 
and snk may represent the first two identified protein kinases 
of a group of kinases which are under rapid transcriptional' 
control; as opposed to posttranslational control as observed; 
for the majority of kinases. We are currentry examining sgk* 
■5' -flanking sequences for regulatory elements which can;: 
account for the serum stimulation of its transcript levels as/ 
well as .testing the effects of added polypeptide growth; 
-factors. : . • . ■ ■ . .... s v ?■■ ' \ . & 

i:. > We- have, not yet been successful in demonstrating enzy# 
; matic activiry for sgk, although several different approaches} 
.have been attempted. In vitro translation^ sgk mRNA 
showed no obvious i^-de^endent total or inimunoprecipfcj . 
s table protein kinase^ actrvuV* ; usin^ histone ;H1 and myeUn^ 
basic proteins as substrates in . a standard protein kinase) . 
assay. We were also unable to detect protein kinase activiiy| 
.in in vitro-translated sgk epitope tagged with poryomaviru$ 
middle T antigen or in bacterial fusion proteins produced! 
with sgk linked- to glutathione 5-transfeiase. It is possible . 
that the lack of detectable protein -kinase activity reflects?. 
sgk's requirement of a second subunit or other .critical;; 
cofactors missing in the kinase assay. Furthermore, depend*! . 
ing on Its function, sgk may have a restricted set of sub- 
strates. It is also possible that . sgk does not have arryi 1 , -. 
enzymatic activity; however, the predicted amino acid se- ; 
quence for sgk strongly suggests that it is a functional! 
serine/threonine protein kinase. We propose that sgk£ 
through phosphorylation of specific target proteins, may be/; 
one 4 - of the * secondary mediators of a subset of cellular; , 
responses to glucocorticoids and serum. It will therefore be: 
important to determine sgk's precise function and physio^ 
logical substrates. 

i Protein phosphorylation is a rapid and reversible means of. 
transducing signals from the extracellular environment that' 
lead to pleiotropic cellular responses (27* 39). Protein kk 
nases characterized to date are primarily regulated at a 
posttranslational level, both by phosphorylation and by 
interaction with small regulatory molecules. Several serine/ 
threonine kinases related to sgk possess pseudosubstrate 
sequences either within the same polypeptide chain (as for 
protein kinase C) or in a separate subunit (as for cAMP- 
dependent protein kinase) which normally block the sub- 
strate- and ATP-binding sites of the catalytic domain and 



maintain the kinase in an inactive form (23, 33, 34). The 
autoinhibitory domain is released in response to second 
messengers generated by extracellular signals, which results 
in the rapid activation of kinase activity. The short noncat- 
alytic ainino-terminal domain of jgfc has no apparent homol- 
ogy with domains of known genes, including the regulatory 
domains of other protein kinases. We speculate that modu- 
lating the level of this protein by bormonalh/ regulated 
transcription factors may be the primary means of regulating 
its enzymatic activity. 

Glucocorticoid receptors are present in virtually all mam- 
malian cell types, and there is a diversity of physiological 
processes affected by hormonal treatment, including metab- 
olism, differentiation, inflammation, and proliferation (3, 22). 
There appears to be no dear correlation between growth 
inhibition of cell lines in vitro by glucocorticoids and induc- 
tion of sgk transcripts, suggesting that sgk may not be 
sufficient to mediate the hormone-dependent suppression of 
proliferation that was observed in Con8.hd6 ecus (37, 38). 
We are currentry attempting to understand the precise rela- 
tionship between sgk activity and the control of cellular 
proliferation, sgk mRNA was shown to be present at highest 
levels in normal thymus, ovary, and lung tissue, predicting a 
physiological role for ^-encoded kmasc activity, m these 
tissues^,Wlu1le.;thesignifkance of this tissue-specific expres-, 
sion pattern is unclear, it is interesting ,to note; that the 
proto^ncogene.cnflAr, which has strong.sequence sirmlarity 
toagfc, was also reported to oe mostabundaatly.expressedin 
the normal thymus (4>. . tu^'i^ti* 

Trariscriptional :«induetion:s ofj a Related . kiwse,; protein 
Wnas^ ; |CrB* ; ^^ 

min I>3, hasbeen reported (25), although this induction was, 
neither m immediate nortas o^amatic as tte 

vcortit^^ 

i regulation ofcprptem Jpjwse tr^^ ge£erja> 
mechanism^forf r*gulating t Aspei^^^ 
works.^C.tTJie/^ir^^tiOT protein 
Wnase^ glucocorticoids and serunt, as ^mwtstrated here, 
for sgk, .may/ reflect •; a previously undescribed cross-talk 
between ^ membranetlinked signaling pathway and mtracel- 

, !ular : H«^id hormone actwatk^ 

are currently extending our workto determine the immediate 

substrates^for ^ ^ .in..-..: 
glucocc^cpid-L^*sermn-mediate^ 
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